AbsTrACT background Injuries have been recognised as important public health concerns, particularly among adolescents and young adults. Few studies have examined injuries using a multilevel perspective that addresses individual socioeconomic status (SES) and health behaviours and local socioeconomic conditions in early adolescence. We offer a conceptual framework incorporating these various components. Methods We test our conceptual framework using population data from the National Longitudinal Study of Adolescent Health Wave 4 when respondents were young adults and linked them to contextual level data from when they were middle-schoolers. We use logistic and multilevel regression models to examine selfreported injury risk in young adults by sex (n=14 356). results Logistic regression models showed that men were more likely to experience serious injuries than women (OR 1.75, P<0.0001), but SES and health behaviours operated differently by sex. In stratified models, men with lower education had consistently higher injury risk, while only women with some college had increased injury risk (OR 1.40, P=0.0089) than college graduates. Low household income (OR 1.54, P=0.0011) and unemployment (OR 1.50, P=0.0008) increased female injury risk, but was non-significant for men. Alcohol consumption increased injury risk for both sexes, while only female smokers had elevated injury risk (OR 1.38, P=0.0154). In multilevel models, significant county-level variation was only observed for women. Women living in disadvantaged neighbourhoods during adolescence had increased injury risk (OR 1.001, P<0.0001). Conclusions These findings highlight the importance of investigating mechanisms that link early-life contextual conditions to early adult SES and health behaviours and their linkage to injury risk, particularly for women.
Injuries continue to be the leading cause of death during childhood, adolescence and young adulthood in the USA. 1 The health and economic burden associated with both fatal and non-fatal injuries, particularly during prime working ages when these costs are highest, 2 3 makes the study of injury morbidity an important public health topic. In 2013, the total estimated lifetime medical and work-loss cost associated with non-fatal unintentional injuries was approximately US$161.8 billion for ages . 4 However, little attention has been given to investigating disparities in injuries from a sociodemographic perspective, although descriptive annual injury morbidity rates have shown that differences exist by educational attainment and poverty status. 5 Few studies have explored the role of contextual characteristics in determining disparities in individual injury morbidity, although the social and physical environment of individuals contributes to inequalities in injury risk [4] [5] [6] [7] and health in general, 5 8 above and beyond individual characteristics. Most empirical research on injuries has offered little in the way of a theoretical perspective from a sociodemographic standpoint. Haddon and others noted that injuries neither occur in a social nor in a physical vacuum but instead in a complex context. [9] [10] [11] [12] [13] As such, it is important to examine factors contributing to injury risk from a multilevel perspective in which individuals are placed into the context in which they live. We aim to close this gap by providing a comprehensive multilevel model that moves beyond individual sociodemographic or behavioural perspectives 14 for examining injury risk by building on these theories and the work of Pudrovska and Anikputa. 15 
Conceptual multilevel framework
We propose multiple paths linking adolescent neighbourhood socioeconomic status (SES) to individual adult injury risk (see figure 1) . The most proximate causes include individual level adult measures of SES and adult health behaviours. We hypothesise that both adult SES (path A) and health behaviours (path B) have a direct association with adult injury risk; further, adult SES is hypothesised to influence adult health behaviours (path C). 14 16 These characteristics are assumed to have associations with injury morbidity, net of the effects of demographic characteristics. An additional potential protection against injury for women might be the transition to motherhood, resulting in fewer risk-taking behaviours (path D).
Our conceptual model adds to the injury literature by incorporating contextual level measures of adolescent neighbourhood SES. Neighbourhood SES encompasses a diverse set of opportunities for economic and social development in local neighbourhoods, capturing neighbourhood environments that likely promote healthy behaviours and provide safe areas for housing, schools and other activities; alternatively, these neighbourhoods could promote stress, poor health behaviours and coping mechanisms, and overall less safe environments. 17 18 First, we propose that adolescent neighbourhood SES has a direct influence on adult SES adult health behaviours (path E and path F). Adolescents growing up in lower SES neighbourhoods are likely to have fewer opportunities to acquire higher levels of SES as an adult; alternatively, adolescents living in more affluent neighbourhoods are likely to have more opportunities for obtaining higher or similar levels of SES as an adult. Exposure to different social and economic environments as an adolescent likely exposes these individuals to different types of health behaviours. Living in areas where healthy behaviours are normative will lead adults to engage in more healthy behaviours, while exposure to negative health behaviours associated with low neighbourhood SES will likely lead to adults engaging in less healthy behaviours. It is less clear if adolescent neighbourhood SES will have a direct association with adult injury risk, hence the dotted line depicting path G in figure 1. We assume that neighbourhood SES during adolescence will have an influence on adult injury risk because exposure to less safe environments among low SES adolescents and potentially risky activities among high SES adolescents (such as skiing or other extreme sports) 19 may have an impact on the types of activities individuals engage in as an adult. Differential exposure to harmful or health-promoting environments will influence how adults engage in certain activities and seek healthcare for injuries.
Although few studies have examined the effect of contextual variables on injury risk, they all provide important evidence that injury risk is not just determined by individual characteristics alone. The complexity of the process and the potential mechanisms behind it, as pointed out by Cubbin and Smith, 13 need to be addressed in injury research. To our knowledge, the conceptual model presented here is the only research that combines both individual-level socioeconomic and behavioural characteristics with contextual factors to provide a comprehensive framework of injury risk for the transition from adolescence to adulthood.
MeThods
To test our framework, we used the National Longitudinal Study of Adolescent Health (Add Health)-Restricted Use Files, which has been described elsewhere. 20 In summary, 20 745 middleschoolers were surveyed for Wave 1 in 1995. For Wave 4, 15 701 of them were re-interviewed between 2007 and 2009, when respondents were between 24 and 32 years old. 20 Analyses of attrition showed that women, whites and US-born adults were more likely to respond; however, attrition was deemed minimal. 21 Sample weights adjusting for attrition and complex survey design were provided. 21 Bias due to non-response was determined to be negligible. 22 For this analysis, we used data on individual-level sociodemographic and health characteristics from Wave 4 as it is the only Add Health wave that included a general injury question. Contextual-level characteristics were taken from the Wave 1 Contextual Data files. After excluding 1345 observations due to non-positive weights or missing contextual information, the final sample size was 14 356 respondents.
MeAsures outcome: injury risk
In Wave 4 of the Add Health, injuries were defined as serious unintentional and intentional injuries, such as broken bones, lesions and other injuries that caused activity limitations within the past 12 months. A total of 1856 respondents reported having had a serious injury.
Individual-level characteristics
To account for the multidimensionality of SES, we included educational attainment, household income, current employment status and health insurance. For risky health behaviour, we included smoking and alcohol consumption. For women, we included whether they had ever had a live birth. We controlled for sex, age, race/ethnicity and self-reported health to account for differences in injury risk.
Contextual-level characteristics
The following county-level variables from Wave 1 were included in the analysis to account for differences in living environments Adolescents and young adults in adolescence. As indicators of county-level neighbourhood SES, the proportion of persons whose income was below the poverty threshold, the proportion of adults 25 years of age and older without a high school diploma or equivalent, and the county unemployment rate were used. These variables refer to county-level data from the 1990 US Census, when respondents were middle-schoolers. To capture a dimension of lack of social cohesion, the total crime rate per 100 000 population in 1993 was included. To create a contextual variable index, we first created a categorical variable for each variable of interest indicating whether a respondent was in the first, second, third or fourth quartile of the distribution of the variable. Second, these categorical variables were summed to create a variable ranging from 4 to 16. Lastly, values between 4 and 7, 8 and 12, and 13 and 16 were categorised as low (better SES profile), medium and high (worst SES profile), respectively.
statistical approach
SAS was used for merging the different data files and for basic data manipulation. Using SURVEYFREQ to account for complex survey design, we present weighted row percentages to show differences in injury risk by individual-level characteristics and provide P values associated with Rao-Scott χ 2 testing for independence (table 1) . Further, we present weighted column percentages for individual-level characteristics by sex to show the distribution of these characteristics for men and women (table 1) . We report descriptive statistics for the contextual characteristics in table 2. Next, we estimated individual-level logistic regression models with design effects using SURVEYL-OGISTIC. The entire sample was analysed first. Then a ChowTest analogue was calculated, based on a χ 2 test statistic, 23 to see if the model operated differently by sex. Next, we stratified the analysis by sex since men and women differed significantly in their injury risk (table 3) . Lastly, we fitted survey design adjusted multilevel logistic regression models for women using GLIMMIX in SAS; therefore, we specified random effects in the model to account for the complex survey design of Add Health (table 4) .
resulTs descriptive statistics
Approximately 13.4% of young adults reported having had a serious injury. Men (17%) were significantly more likely to report an injury than women (10%) (table 1). Differences in injury risk were noted by race/ethnicity, education, health insurance, health behaviours and self-rated health. For women, differences in injury were noted if she had experienced a live birth. No differences in injury risk were noted by age, household income or employment status.
Because differences in injury risk were noted by sex, bivariate statistics were used to document differences in individual characteristics by sex. Generally, women were younger, had higher levels of education, lived in lower income households, were less likely to work for pay, more likely to have insurance and less likely to engage in risky health behaviours than men. No differences were noted in the racial/ethnic composition or self-rated health by sex. Table 2 reports means, 95% CIs, minimum and maximum values for the contextual county-level variables in Wave 1. There appears to be a fair amount of variation in neighbourhood education, crime rates, unemployment rates and poverty across respondents, indicating variability in the types of neighbourhoods respondents lived in during adolescence.
logistic regression analysis
In Model 1 in table 3, men (OR 1.75, P<0.0001) had higher odds of experiencing a serious injury than women. A protective effect could be observed for non-Hispanic blacks (OR 0.69, P=0.0001) and Hispanics (OR 0.79, P=0.0419) compared with non-Hispanic whites. Education showed a clear association with injury morbidity, with individuals with lower levels of education having significantly higher odds of reporting a serious injury than adults with a bachelor degree or higher. Further, adults with lower household income had higher odds of reporting a serious injury (OR 1.22, P=0.0135). Daily smokers (OR 1.24, P=0.02) and adults who consumed at least one to two alcoholic drinks a week (OR 1.40, P<0.0001) had higher odds of having an injury compared with adults who did not smoke or consume alcohol. Lastly, persons who reported to be in poor or fair health had higher odds of reporting a serious injury (OR 1.83, P<0.0001). Neither age, current employment status nor health insurance were significantly associated with injury morbidity.
Models 2 (women) and 3 (men) in table 3 show the results of the stratified analysis by sex. Results from the ChowTest analogue (χ 2 =81 036; df=17; P<0.0001) indicate that the covariates in these models operate differently based on sex. For women, education did not exert a significant effect on injury morbidity, except for those with some college education but no degree (OR 1.40, P=0.0089) compared with college graduates. For men, education had a strong effect on injury risk. Men with lower levels of education had consistently higher injury odds than male college graduates. Women with lower household income had higher odds of reporting a serious injury (OR 1.54, P=0.0011); no association between income and injury was noted for men. Similarly, unemployment status only had a significant positive effect for women (OR 1.50, P=0.0008). While smoking had no effect on men, female daily smokers had higher odds of having an injury than female non-smokers (OR 1.38, P=0.0154). Alcohol consumption increased the odds of an injury for both sexes. We additionally added transition to motherhood for women to the model and found that women who have ever had a live birth were less likely to report an injury (OR 0.65, P value=0.0007)
Multilevel logistic regression
Lastly, we estimated multilevel logistic regression models with random intercepts for both men and women; however, significant county-level variation was only observed for women for whom results are presented in table 4 . Women who lived in counties that were high on poor socioeconomic neighbourhood conditions (ie, counties with higher poverty, unemployment, crime and lower education levels) during adolescence had slightly higher and significant risk of experiencing injuries (OR 1.001, P<0.0001), compared with women who lived in average socioeconomic neighbourhood conditions. In other words, having lived in a county with higher unemployment, poverty, crime rates and lower levels of education increased the odds of having an injury after controlling for individual-level characteristics. Generally, the effects of the individual-level characteristics were similar in magnitude and direction to the results presented in table 3 Model 2. Additionally, some characteristics were significant in the multilevel model, including a protective effect for younger women (OR 0.87, P<0.0001) and increased injury risk at all levels of education compared with college graduates as well as daily smokers (OR 1.34, P<0.0001). 
Adolescents and young adults dIsCussIon
Results presented here lend support for previous research on injury risk at the individual level by sex, [24] [25] [26] race/ethnicity minority status, 24 26 27 educational level 28 and household income. 26 However, previous findings on the income-injury association has been mixed depending on the operationalisation of income and injury. 28 Overall, we found support for the first path in our conceptual model (path A), indicating that SES has a direct association with injury morbidity among young adults.
Injury risk was also associated with smoking and alcohol consumption in our analysis. Alcohol consumption is a factor known to contribute to increased injury risk both in adults 27 29 and adolescents. 30 31 It has been noted that risky drinking behaviour is more likely to result in other risky behaviour, such as drunk driving. 29 For smoking, we found that smokers were more likely to experience an injury than non-smokers. Smoking can increase injury risk by making body tissue more susceptible to injuries as it restricts processes needed for healing 32 in addition to reducing bone strength 33 ; being 'a gateway for illicit drug use' particularly among adolescents, 34 leading to other risk behaviours; and increasing injuries through exposure to residential fires and burns caused by cigarettes. 35 Studies focusing on adolescents have highlighted the association between smoking and increased injury risk controlling for individual characteristics and other risk behaviours. 30 31 These other risky behaviours may serve as one mechanism by which smoking leads to injury risk. We found support for path B in our model based on the results linking health behaviours to injury risk.
Previous research has shown that men are more likely to experience injuries than women. [24] [25] [26] We stratified our analysis by sex since it is not clear how SES or health behaviours may influence injury risk differently by sex, as few studies have examined this relationship. 13 While a strong association was noted between educational level and injury risk for men, this pattern was not observed for women. Further, at the individual level, low income and currently being unemployed were significant predictors of injury risk for women but not men. Without stratifying the analysis by sex, the SES-injury association may be mis-specified. Likewise, health behaviours operated differently by sex. Smoking and alcohol consumption increased injury risk for women, but only alcohol consumption was associated with increased injuries among men. More work is needed to understand why SES and health behaviours work differently to influence injury risk by sex during young adulthood. Work by Rogers et al 36 focusing on mortality differences by sex and SES may elucidate on this as they note that differences in behaviours by sex among younger adults likely determines sex differences in mortality. Further, higher levels of SES provide a barrier against potentially harmful conditions by providing access to healthcare and insurance, social support and better housing in safer neighbourhoods. In turn, these conditions allow for more social interaction and integration that provide social networks that may buffer women from mortality risks differently than men among younger ages due to differences in behaviours. Elo 37 highlights the importance of early local environments and SES conditions on later adult health outcomes. This work supports our model that early-life SES may work both directly and indirectly through adult SES and health behaviours to influence health outcomes. Yet, Elo's review does not provide the mechanisms linking early SES conditions to later health outcomes. Our conceptual model and empirical results may offer insights into the relationships between individual and contextual SES, sex and injury morbidity. Our results from the contextual level models show that injury risks did not differ across counties for men. This indicates that the potential path from adolescent neighbourhood SES to adult injury risk does not hold for men given our data (path G). In our model, injury morbidity risks for men are more likely influenced by individual SES and health behaviours. For women, variation in injury risks was noted across neighbourhoods. The OR in the multilevel model indicates that young women had slightly but significantly increased injury risk if they lived in more disadvantaged neighbourhoods during adolescence after including current SES and health behaviours. Since we are unable to model injury risk by injury type, it is difficult to ascertain how the environmental conditions during adolescence influence social factors that may lead to specific injuries types. 38 More research is needed to test the link proposed in our conceptual model that links early-life socioeconomic conditions to adult SES and individual behaviours that influence injury morbidity.
ConClusIons
Our analysis provides insights into who is at greater risk of experiencing injuries and offered a conceptual framework for studying injury risk from a multilevel, population perspective. Education is an additional driving force through which injuries and other health outcomes can potentially be prevented.
At the contextual level, our analysis provides evidence that contextual factors, measured as socioeconomic disadvantage, influence individual level injury risk, net individual socioeconomic and behavioural characteristics, for young women. Our conceptual model is a starting point to investigate the role of neighbourhoods in determining injury. Understanding the underlying mechanisms of injuries can help identify groups of the population that are at higher risk of experiencing injuries, making it possible to specifically target these subgroups in injury prevention efforts in local 
